Introduction
Gap junctions connect neighboring cells via intercellular channels that allow direct electrical communication and sharing of ions and small molecules ( Figure 1 ) [1] . The channels are made of two hemichannels (one in each membrane) each consisting of six subunits known as connexins. The connexins, which are integral membrane proteins, were named according to their molecular weight (e.g., Cx36 has a molecular weight of 36 kDa). Connexins are encoded by a family with 20 and 21 genes in the mouse and human genomes, respectively [2] . In the rodent CNS, 11 connexins are expressed, most of which are found in glial cells [3, 4] . Cx36 is the main neuronal connexin [3, 5, 6] , although others have been variably detected in mature neurons (Figure 1) .
In addition to gap junctions, unopposed hemichannels are also found in the nervous system. Different types of connexins may form the hemichannels [4, 7] , presumably including neuronal Cx36 [8] . Pannexins, which are vertebrate homologs of invertebrate gap junction proteins (innexins), also are expressed in glial cells and neurons [9] [10] [11] . They, however, exist solely as unopposed cell membrane channels and do not form gap junctions [12] .
In the mammalian CNS, connexin gap junctions and hemichannels, as well as pannexin channels, display a complex distribution among various cell types and each has a unique developmental pattern of expression. They are involved in multiple aspects of CNS physiology. Their expression and function are regulated via numerous mechanisms, from transcriptional regulation to the regulation of gating (for reviews on distribution, regulation and roles of glial gap junctions and hemichannels see [4, 7] ; for reviews on pannexin channels, see [10, 12] ). Here we discuss neuronal gap junctions and their regulation and role during development, adulthood, and injury in the rodent CNS. Our discussions focus largely on Cx36, since it is the bestcharacterized and predominant neuronal connexin.
Properties of Cx36-containing gap junctions
Cx36, a 321-aa protein, is a member of the d-subclass of the connexin family [2] . The GJD2 gene (encoding Cx36) is located on mouse chromosome 2, in a region syntenic to human chromosome 15q14 [13, 14] . The protein coding sequence of the gene encoding Cx36 is highly conserved, with 98% amino acid identity among mouse, rat, and human forms and 80% identity with the fish ortholog Cx35. When forcedly expressed in Xenopus oocytes and HeLa cells, Cx36 channels exhibit low unitary conductance (10-15 pS) and low voltage sensitivity [15, 16] .
Electrical synapses containing Cx36/Cx35 gap junctions are usually formed at dendro-dendritic or dendro-somatic neuronal contacts, but they have also been observed between axon terminals [17] . They are dynamic structures, with channel turnover measured in minutes [18] . It seems that the Cx36-containing channels function homotypically [15] ; however, they may be bi-homotypic (i.e., expressed in the same plaque) and form co-scaffolding with Cx45 channels and the protein zonula occludens-1 (ZO-1; see below) [19] . Cx36 can functionally compensate for loss of Cx45 in the mouse retina, but not in the developing heart, suggesting tissue-specific activity of Cx36 gap junctions [20] .
In various regions of rodent CNS and in fish Mauthner cells, Cx36/Cx35 are often found in mixed synapses (i.e., electrical plus chemical) and are located in close proximity to NMDA receptors (NMDARs) [21] [22] [23] and AMPA receptors (AMPARs) [23, 24] . Cx36/Cx35-containing gap junctions form complexes with a large number of intracellular proteins that result in their anchorage to the cytoskeleton. These complexes include structural and regulatory proteins that likely have roles in controlling channel activity, transport, assembly, localization, and
